Difference between mean number of operations performed in teaching and nonteaching hospitals. † Hospitals with fewer than 50 operations in a specialty between 1997 and 1999 were excluded from the analysis. * Complexity score ranges from 1-5, with 1 ϭ least complex and 5 ϭ most complex.
Objective
To determine whether the investment in postgraduate education and training places patients at risk for worse outcomes and higher costs than if medical and surgical care was delivered in nonteaching settings.
Summary Background Data
The Veterans Health Administration (VA) plays a major role in the training of medical students, residents, and fellows.
Methods
The database of the VA National Surgical Quality Improvement Program was analyzed for all major noncardiac operations performed during fiscal years 1997, 1998, and 1999. Teaching status of a hospital was determined on the basis of a background and structure questionnaire that was independently verified by a research fellow. Stepwise logistic regression was used to construct separate models predictive of 30day mortality and morbidity for each of seven surgical specialties and eight operations. Based on these models, a severity index for each patient was calculated. Hierarchical logistic regression models were then created to examine the relationship between teaching versus nonteaching hospitals and 30-day postoperative mortality and morbidity, after adjusting for patient severity.
Results
Teaching hospitals performed 81% of the total surgical workload and 90% of the major surgery workload. In most specialties in teaching hospitals, the residents were the primary surgeons in more than 90% of the operations. Compared with nonteaching hospitals, the patient populations in teaching hospitals had a higher prevalence of risk factors, underwent more complex operations, and had longer operation times. Risk-adjusted mortality rates were not different between the teaching and nonteaching hospitals in the specialties and operations studied. The unadjusted complication rate was higher in teaching hospitals in six of seven specialties and four of eight operations. Risk adjustment did not eliminate completely these differences, probably reflecting the relatively poor predictive validity of some of the risk adjustment models for morbidity. Length of stay after major operations was not consistently different between teaching and nonteaching hospitals.
rates. Risk-adjusted 30-day morbidity rates in teaching hospitals are higher in some specialties and operations than in nonteaching hospitals. Although this may reflect the weak predictive validity of some of the risk adjustment models for morbidity, it may also represent suboptimal processes and structures of care that are unique to teaching hospitals. Despite good quality of care in teaching hospitals, as evidenced by the 30-day mortality data, efforts should be made to examine further the structures and processes of surgical care prevailing in these hospitals.
Academic health centers and their teaching programs are under duress as they struggle to cope with new and formidable fiscal challenges to their missions of patient care, research, and teaching. [1] [2] [3] [4] [5] [6] Studies conducted in nonfederal healthcare institutions in the United States suggest that patient outcomes in large urban teaching hospitals are better than patient outcomes in smaller community and nonteaching hospitals, 7-10 although the cost of care is higher 3, [11] [12] [13] [14] [15] [16] and the length of stay is longer 17 in the large teaching hospitals. Most of these studies are based on analyses of administrative databases and examine either all hospital discharges during a finite period or the outcomes of specific, mostly medical, conditions. With the exception of a recent study using the Health Care Financing Administration database of Medicare discharges between 1984 and 1993 for ten medical diagnoses and ten surgical operations, 17 the studies that address the association between teaching and nonteaching hospitals on surgical outcomes have been limited to small series revolving around isolated surgical procedures. 18 -20 The Veterans Health Administration (VA), the largest single-provider healthcare delivery system in the United States, plays a major role in the training of medical students, residents, and fellows. Approximately one third of postgraduate physicians (residents) and half of all medical students in the United States receive all or part of their clinical training at VA medical treatment facilities each year. Nearly two thirds of all physicians in the United States have received at least some of their training through the VA. 21 The debate about the future of teaching programs in hospitals is also becoming germane to the VA as it struggles to reorganize itself into a more cost-efficient healthcare delivery system. 21 A credible justification for the VA to continue expensive national surgical educational programs may be the demonstration of high quality and value in the VA medical centers (VAMCs) with surgical teaching programs. In this study we compared the quality of surgical care in teaching versus nonteaching VAMCs using data from the VA National Surgical Quality Improvement Program (NSQIP). 22 
METHODS

NSQIP Database
At each of 128 VA surgical centers, a dedicated clinical nurse reviewer prospectively collects preoperative, intraoperative, and 30-day outcome information on all major operations. 22, 23 A major operation is defined as one performed under general, spinal, or epidural anesthesia, in addition to all carotid endarterectomies and inguinal herniorrhaphies regardless of anesthesia type. Data on all surgical specialties, except for cardiac surgery, are transmitted electronically to the VA Cooperative Studies Program Coordinating Center at the VA in Hines, Illinois, where they are cleaned, entered into the database, and analyzed. The data elements contained in the database have been described previously. 23 They include whether the primary surgeon is a resident or a staff surgeon, as well as the postgraduate year (PGY) of the resident if he or she is the primary surgeon. They also include a score of the technical complexity of the operation represented by each CPT-4 code. The complexity score was developed by panels of specialists who graded the complexity of each operation in their specialty on a scale of 1 to 5. Complexity of each operation was assessed based on factors above and beyond the expected patient risk factors that a typical patient having the operation would bring to the operating table. The NSQIP database for three consecutive fiscal years (FY 1997 (FY -1999 was used for this study. The outcomes measured were 30-day postoperative mortality, 24 30-day postoperative morbidity (defined as one or more complications 25 ), and postoperative length of hospital stay.
Definition and Identification of Teaching and Nonteaching Hospitals
All VAMCs participating in the NSQIP receive an annual background and structure questionnaire. The survey covers information about the structure of each surgical service and is completed by the NSQIP clinical nurse reviewer with input from the administrative officer of the surgical service. A section of the survey addresses the number of surgical residents assigned to the VAMC in every specialty, and whether the VAMC has a Dean's Committee. The Dean's Committee oversees and addresses issues related to the affiliation between an academic institution and the VAMC.
The initial response rate to the FY 1999 background and structure questionnaire was 90%. A surgical research fellow obtained the information from the remaining 10% of hospitals and verified information from the other hospitals. A hospital was defined as a teaching hospital in a surgical specialty if the VAMC had a Dean's Committee and had at least one resident rotating and operating in that specialty. There was no hospital that had a Dean's Committee without having at least one resident rotating in a surgical specialty. The number of residents rotating in each specialty was not constant throughout the study period from 1997 to 1999. In this study, the number of residents rotating in each specialty is reported on the basis of FY 1999 data.
Statistical Analyses
Statistical analyses were performed separately for each of seven surgical specialties (general, otolaryngology, neurosurgery, vascular, orthopedic, thoracic [noncardiac], urology) and for eight specific operations (carotid endarterectomy, abdominal aortic aneurysm repair, infrainguinal vascular reconstruction, colectomy, open and laparoscopic cholecystectomy, total hip replacement, and lobectomy/pneumonectomy). Hospitals with fewer than 50 cases during the 3-year study period for a given specialty analysis were excluded because the estimates of parameters for those hospitals are unreliable as a result of small sample size. For each surgical specialty or operation, the following steps were taken. First, we compared patient characteristics between the teaching and nonteaching hospitals using chi-square and t tests. Second, we identified candidate risk variables to adjust for patient severity from previous work. 24 Third, we imputed missing values using a regression technique that estimates the missing value on the basis of the patient's other nonmissing variables. 26 Fourth, we calculated a severity index for each patient using a logistic regression analysis with mortality (or morbidity) as the dependent variable and patient risk factors as the independent variables. Fifth, we used a hierarchical logistic regression model [27] [28] [29] with mortality (or morbidity) as the dependent variable and only one patient-level independent variable (severity index). Other terms in the model included the intercept indicating interhospital differences in mortality rates, affiliation status (teaching hospital vs. nonteaching hospital), and an interaction term of affiliation by severity. Mean lengths of stay for individual operations between teaching and nonteaching hospitals were tested using the Wilcoxon rank-sum test. All results were considered statistically significant at P Յ .05.
RESULTS
Operations
Between October 1, 1996, and September 30, 1999, 690 ,811 noncardiac operations were performed in 128 VAMCs, of which 433,186 (62.7%) were major operations. Of the 128 hospitals, 95 (74.2%) had a Dean's Committee and at least one surgical resident performing surgery in at least one surgical specialty during FY 1999. These VAMCs were designated as teaching hospitals. The remaining 33 hospitals (25.8%) were designated as nonteaching hospitals. Teaching hospitals performed 80% of the total operations; 57% of the operations were major. In contrast, nonteaching hospitals performed 20% of all operations, and only 26% of the operations were major.
The distribution of major surgery volume in the teaching and nonteaching hospitals is shown in Table 1 by surgical specialty. These data form the basis of the analysis file for this study. They do not include all the major operations in the database because of the exclusion of operations performed within 30 days of another major operation, and the exclusion of hospitals with fewer than 50 operations performed in a given surgical specialty during the 3 years of the study. In both teaching and nonteaching hospitals, the most frequently performed operations were in general surgery, followed by orthopedics and urology. Teaching versus nonteaching hospital status varied widely among specialties.
Nonteaching hospitals constituted 37% of the hospitals performing urologic surgery and only 10% of the hospitals performing neurosurgery. For each specialty, the teaching hospitals had significantly higher volumes of major operations than the nonteaching hospitals.
In the teaching hospitals, the resident was the primary surgeon in 84% to 95% of the cases ( Table 2 ). The distribution of the PGY level of the primary surgeon in the seven surgical specialties is shown in Figure 1 . Most of the operations were performed by PGY 5 residents. Although by definition one would not expect residents to be operating in nonteaching hospitals, Table 2 shows that in a few operations performed in nonteaching hospitals, a resident was the primary surgeon of record. There are two possible reasons for this discrepancy. First, the nonteaching status of a hospital in this study was determined on the basis of the hospital structure in FY 1999; some surgical specialties may have had residents operating in FY 1997 and/or 1998, but not in 1999. Second, the designation of teaching versus nonteaching hospital was made on the basis of residents rotating to a specific specialty. Operations in a designated specialty, such as noncardiac thoracic surgery, may have been performed by residents from another specialty, such as general surgery, in a hospital designated as a nonteaching hospital in thoracic surgery because it did not have thoracic surgery residents rotating through it. Table 2 also shows the mean operating times and complexity scores for all operations in each specialty in teaching and nonteaching hospitals. Both the mean operating time and the mean complexity score were significantly higher in the teaching hospitals across all specialties (except for the complexity score in noncardiac thoracic surgery). Table 3 compares important preoperative patient characteristics in the teaching and nonteaching hospitals. In many of the surgical specialties, more patients in teaching hospitals tended to be nonwhite; patients in teaching hospitals had a higher percentage of functional impairment, weight loss, steroid use, and emergency operations. Patients in teaching hospitals had significantly lower preoperative serum albumin levels and were more likely to have a low hematocrit and elevated serum bilirubin, serum aspartate aminotransferase (SGOT), and blood urea nitrogen. Table 4 presents the unadjusted 30-day mortality rates for each specialty in teaching and nonteaching hospitals. In all specialties, the mortality rate in teaching hospitals was higher than in nonteaching hospitals, with the difference reaching statistical significance in general surgery and orthopedic surgery.
Preoperative Patient Characteristics
Thirty-Day Mortality Rates
To risk-adjust the mortality rates, models predictive of 30-day mortality in the FY 1997 to 1999 database were developed for each specialty using stepwise logistic regression. The models had high predictive validity, as evidenced by their respective c-indexes: general surgery 0.91, orthopedics 0.92, urology 0.875, vascular surgery 0.82, otolaryngology 0.93, neurosurgery 0.89, and noncardiac thoracic surgery 0.75. The top 10 independent predictors of 30-day mortality for each specialty model were similar to those published previously by the VA National Surgical Risk Study. 24 Based on the predictive models, a severity index was calculated for each patient and was entered as an independent variable along with the teaching status of the hospital in a hierarchical logistic regression model with mortality as the dependent variable. The results of the hierarchical logistic regression analysis are shown in Table  5 . The probability value for the severity index was highly significant in each specialty model, indicating that patient severity of illness was a strong predictor of 30-day postoperative mortality. Except for orthopedic surgery, the lack of significance in the probability values related to the teaching status of the hospitals indicates that after adjusting for differences in patient severity between teaching and nonteaching hospitals, the teaching status of the hospital was no longer significantly related to the 30-day postoperative mortality rate. Table 4 also presents the unadjusted 30-day morbidity rates for each specialty in teaching and nonteaching hospitals. In all specialties, except for noncardiac thoracic surgery, the morbidity rate in teaching hospitals was significantly higher than in nonteaching hospitals. The specialty-specific models, based on the FY 1997 to 1999 database, developed to identify predictors of 30-day morbidity, had a lower predictive validity than the models developed for risk adjustment of 30-day mortality. The c-indexes for the morbidity models were general surgery 0.79, orthopedics 0.76, urology 0.70, vascular 0.63, otolaryngology 0.78, neurosurgery 0.73, and noncardiac thoracic 0.67. The top 10 independent predictors of 30-day morbidity for each specialty model were also similar to those published previously by the VA National Surgical Risk Study. 25 The results of the hierarchical logistic regression analysis to determine the relative effects of patient severity and hospital type on the morbidity rate are shown in Table  5 . As in the mortality analysis, the probability value for the effect of severity of illness was highly significant in each specialty model, indicating that severity of illness is highly predictive of 30-day postoperative morbidity. Unlike the mortality analysis, however, risk adjustment did not eliminate the effect of hospital type on the observed differences in morbidity rates between teaching and nonteaching hospitals in general surgery, orthopedics, urology, and vascular surgery. In these four surgical specialties, the increased morbidity rates in the teaching hospitals could not be completely explained by the increased severity of illness of the patient populations. Table 6 shows the frequency distribution of the types of complications encountered in each of the seven specialties. Wound complications (including superficial wound infection, deep wound infection, and wound disruption) were the most frequently encountered morbidity in most of the specialties.
Thirty-Day Morbidity Rates
Mortality and Morbidity Rates in Prevalent Operations
The above analyses, performed on the basis of surgical specialties, were repeated for eight selected operations, based on the CPT-4 code groupings shown in Table 7 . Table  8 lists the operative characteristics and the unadjusted 30day mortality and morbidity rates for each operation in both types of hospitals. As was observed in the specialty analysis, operations performed in teaching hospitals were mostly performed by residents, had higher complexity scores, and had longer operative times than operations of the same type performed in nonteaching hospitals. Unadjusted mortality rates were not significantly different between teaching and nonteaching hospitals in all eight operation types. In contrast, complication rates were significantly higher in teaching hospitals in four operation types (infrainguinal vascular reconstruction, colectomy, and open and laparoscopic cholecystectomy).
The c-indexes of the predictive models for the eight operations were consistently higher in mortalities than in morbidities: carotid endarterectomy, mortality 0.69, morbidity 0.59; abdominal aortic aneurysm repair, mortality 0.74, morbidity 0.66; infrainguinal vascular reconstruction, mortality 0.77, morbidity 0.59; colectomy, mortality 0.84, morbidity 0.67; open cholecystectomy, mortality 0.84, morbidity 0.69; laparoscopic cholecystectomy, mortality 0.85, morbidity 0.70; total hip replacement, mortality 0.83, morbidity 0.65; and lobectomy/pneumonectomy, mortality 0.69, morbidity 0.63.
Results of the hierarchical modeling are shown in Table  9 . None of the operations showed a significant association between hospital type and mortality. For six of the operations (infrainguinal reconstruction, colectomy, open and laparoscopic cholecystectomy, total hip replacement, and lobectomy/pneumonectomy), severity of illness showed a significant association with mortality.
In the hierarchical logistic regression modeling for morbidity (see Table 9 ), for all the operations, except for carotid endarterectomy, severity of illness was a predictor of 30-day postoperative morbidity. In four of the eight operations (infrainguinal vascular reconstruction, colectomy, open and closed cholecystectomy), hospital type continued to be a significant predictor of 30-day postoperative morbidity, after adjustment for patient severity. Table 10 shows the mean and median postoperative length of stay in teaching and nonteaching hospitals in eight prevalent operations. The difference in length of stay between the teaching and nonteaching hospitals was not con-sistent across these operations. It was not significant after open and laparoscopic cholecystectomy. Length of stay was longer in teaching hospitals after carotid endarterectomy, infrainguinal vascular reconstruction, and colectomy; it was shorter after abdominal aortic aneurysmectomy, total hip replacement, and lobectomy/pneumonectomy. 
Length of Stay
DISCUSSION
The VA has made a major commitment to the training of healthcare providers. In 1997, the VA funded nearly 9,000 physician residency positions at 131 medical school-affiliated VAMCs, through which more than 34,000 residents rotated annually, and approximately 45,000 positions among other health professions. 30 Surgical training programs today rely increasingly on opportunities for residents to learn and gain surgical experience in the VA as pressures on efficiency and reducing costs in the nonfederal sector increase. In 1999, 75% of the 128 surgical services in the VA were affiliated with medical schools and had surgical teaching programs in one or more surgical specialties. Since 1992, a strict residency supervision policy has been applied in the VA in which the attending surgeon is required to be present or assisting in the operating room on every major operation.
Despite the apparent value and necessity of teaching the next generation of surgeons, some patients and policymakers question whether the investment in postgraduate education and training places patients at risk for worse outcomes and higher costs than if medical and surgical care were delivered in nonteaching settings. In this study, we compared the outcomes of major surgery in teaching and nonteaching surgical programs in the VA. We used prospectively collected data from the NSQIP to adjust for differences in patient preoperative characteristics and the complexity of the operations. The risk adjustment models developed and used by the NSQIP have been validated as measures of quality of surgical care. 22, 31, 32 The unadjusted mortality rate was not significantly different between teaching and nonteaching hospitals in five of the seven specialties and in all eight operations studied. After adjustment for patient preoperative characteristics and the complexity of the operations, there were no statistical differences in the adjusted mortality rates in any of the surgical specialties or common procedures (except for orthopedic surgery, where a difference between teaching and nonteaching hospitals was of borderline statistical significance; see Table 5 ). The lack of stability of the orthopedic model may account for this apparent significance, particu-larly because no difference in the adjusted mortality rate of total hip replacement was found. Surgeons in VA teaching hospitals operated on sicker and more complex patients than those in nonteaching hospitals with a comparable mortality rate, indicating that the teaching status of a VAMC does not adversely affect 30-day postoperative mortality rate.
The NSQIP also collects information on the incidence of 20 postoperative adverse events and defines the presence of postoperative morbidity as the occurrence of any one or more of these adverse events. The unadjusted morbidity rates were significantly lower in six of the seven surgical specialties and in five of the eight common major operations in patients operated on in nonteaching hospitals. After adjustment for patient preoperative characteristics and the complexity of the operations, there was no significant difference in the adjusted morbidity rates in three of the seven specialties and four of the eight common operations. Significant differences in postoperative morbidity rates after adjustment for patient risk and the complexity of the operation were found in general surgery, orthopedics, urology, and vascular surgery and in infrainguinal vascular reconstruction, partial colectomy, and open and laparoscopic cholecystectomy. Persistent differences in morbidity rates between the teaching and nonteaching hospitals after risk adjustment may result from several factors. First, it could be due to limitations of the NSQIP risk adjustment models for morbidity. The predictive validity of the morbidity risk adjustment models in this study was consistently lower than the predictive validity of the morbidity risk adjustment models for mortality. Although most the mortality models' c-indexes were 0.89 or more in surgical specialties and 0.77 or more in the prevalent operations, most of the morbidity c-indexes were 0.73 or less in the surgical specialties and 0.66 or less in the prevalent operations. In some specialties and procedures, the low c-indexes in morbidity (vascular surgery 0.63, lobectomy/pneumonectomy 0.63, carotid endarterectomy 0.59, infrainguinal vascular reconstruction 0.59) indicate poor predictive validity. The risk adjustment models for morbidity may not be as robust as the mortality models in accounting for all the differences in patient risk factors important for assessing differences in morbidity rates between teaching and nonteaching hospitals. The most frequent complications in most of the specialties and prevalent operations were wound morbidity, predominantly superficial and deep wound infections (see Table 6 ). The increased complexity of the operations in the teaching hospitals, coupled with significantly longer operative times, could partially account for the increased incidence of wound complications observed in these hospitals. Differences in the structure and process of care between teaching and nonteaching hospitals may also be a cause for the increased morbidity rates in teaching hospitals. Typically teaching hospitals are larger and more complex than nonteaching hospitals, with more complicated systems of coordinating and managing care. Turnover among residents, fellows, medical students, and surgical attendings is high as all staff rotate through the affiliated teaching institutions. These more complex systems of care and constantly chang-ing staff may create conditions in which complications, particularly infections, occur more frequently. Hence, the increased morbidity rate observed in certain specialties and operations in teaching hospitals in this study might be due to the characteristics of the hospitals per se, and not necessarily because the operations in these hospitals were performed by residents.
Our findings are in part similar to those of other investigators. In a prospective VA cooperative study on valvular heart disease, there was no difference in risk-adjusted rates of morbidity and mortality between patients operated on for valve replacement by a resident under the supervision of attending surgeon or by an attending surgeon. 33 Several studies of outcomes using administrative data show lower mortality rates among patients cared for in large urban teaching programs than in community teaching and nonteaching community hospitals, but costs and length of stay Surgical Outcomes Between Teaching and Nonteaching Hospitals are higher. [7] [8] [9] Most of these studies analyze large administrative databases and are limited to medical conditions such as stroke, pneumonia, congestive heart failure, and ischemic heart disease. Limited clinical information is available for risk adjustment with important clinical variables, and administrative data are subject to coding and other biases. Studies of the impact of teaching programs on surgical outcomes are limited to single surgical practices and lowmortality risk operations such as carotid endarterectomy and transurethral prostatectomy. The most recent large administrative database study 17 of 10 medical conditions and 10 surgical operations concluded that Medicare patients cared for in not-for-profit teaching hospitals had significantly lower risk-adjusted mortality rates but longer lengths of stay compared with five other hospital types (not-for-profit, osteopathic, public, teaching public, and for-profit hospitals). Among Medicare patients undergoing prostatectomy, lower extremity fracture repairs, bowel resection, vascular sur-gery, hip replacement, hysterectomy, mastectomy, laminectomy, or endarterectomy, adjusted 30-day mortality rates were significantly lower in almost all comparisons, whereas the risk-adjusted length of stay was invariably longer. None of these studies reported on postoperative morbidity. The results of this study in the VA may not be generalizable to nonveteran populations because of the unique features of the VA healthcare system and the population for which we care, mostly economically disadvantaged and disabled men. Risk adjustment models for individual operations and surgical specialties may be limited by the lack of more detailed risk adjusters and operation-specific postoperative complications that might change the results of the morbidity analysis. Finally, despite ongoing data verification and training of nurse reviewers, ascertainment bias in identifying postoperative adverse events may lead to underor overreporting.
Our findings present an opportunity to identify systemic reasons for the higher morbidity rates observed in certain specialties and after certain operations in teaching hospitals. Ongoing investigations of postoperative adverse events in the VA 34 and improvement programs in surgery in each VAMC, as well as better surgical and anesthetic techniques, have led to a 45% decline in postoperative morbidity in the NSQIP between 1991 and 2000 (NSQIP, unpublished data). Despite a cutback in surgical training positions in the VA to increase the availability of primary care physicians, the VA surgical postgraduate program still provides an important source of surgical training and staffing. From the VA's perspective, we have continued evidence of the good quality of care rendered in surgery to a vulnerable population and a vital role in educating the surgeons of the future. Opportunities in the near future to compare the outcomes and efficiency of care between the VA teaching and nonteaching programs and those in nonfederal hospitals will allow further comparison of the severity of illness, surgical complexity, process of care, and outcomes in surgical care and surgical education.
In conclusion, teaching hospitals perform 80% of major surgery in the VA. They attend to a sicker and more complex population of veterans than non-teaching hospitals, with a comparable risk-adjusted 30-day postoperative mortality rate. In four of seven surgical specialties and four of eight prevalent operations, the 30-day postoperative morbidity rate is higher in teaching than in nonteaching hospitals, even after risk adjustment. The decreased c-indexes of the morbidity versus the mortality models may reflect limitations in the risk adjustment methodology for morbidity. It may also reflect suboptimal processes and structures of care unique to teaching hospitals. These findings will prompt the NSQIP to focus further on the assessment and improvement of the structure and processes of care in the teaching hospitals, which are vital to the VA's mission to deliver quality healthcare to all veterans. The key findings that are herein relate to those associated with increased morbidity in four of the specialties and four of eight of the common procedures.
There is within the VA data collection system a method of identifying who was the primary surgeon. In 90% of the cases it was a resident in the teaching hospitals and 50% of the time a resident who was an R-5 or greater. This is supported in fact by the complexity of the cases, by the clearly longer time it took for all of these operations to be done, which tends to indicate that the residents did the majority of the cases. The data supports clearly the difference between the teaching and the non-teaching hospitals.
In your past studies of risk adjusted outcomes which you referred to, you have noted the importance of systems and processes of care which are supported by other papers presented to this organization where hospital experience and volume rather than the particular surgeon who operates in complex situations impact on the excellence of outcome. How can we take these raw data and turn them into a quality improvement exercise, which is clearly what the public wishes to have us do?
Let me separate surgical care rather arbitrarily into three component parts. There is the preoperative component part which has to do with the decision of who to operate upon and which operation to do, then the operative issues, and then the postoperative care issues, all of which are related to different levels and intensity of supervision.
Indeed, the morbidity, which has not been presented, can be broken out into two components. One is the operative related issues, which are wound morbidity, clearly higher in the teaching hospitals, and then the medical morbidity such as pneumonia, myocardial infarcts and so on.
I suspect the wound morbidity are primarily related to the attending asking the resident would they mind closing while the attendant goes off to do something else. I would ask if you have any data to show that this particular complication can be reduced by the changing process of the care and the organization of care in the operating room. The medical morbidity, on the other hand, occur in the third component of supervision, but perhaps can relate also to preoperative decisions related to operating.
How then do you intend to factor out the variables related to supervision that may have a role in the apparent differences in morbidity in the teaching institutions? The VA has rules about attending staff presence in the operating room, can they apply to preoperative decision making, the organization of the operation, and indeed postoperative management? PRESENTER DR. SHUKRI F. KHURI (West Roxbury, Massachusetts): The NSQIP is primarily a quality improvement program. The advantage of it is that it provides reliable data collected by dedicated nurses at each site. It is through the provision of reliable risk-adjusted outcomes that we have come in the VA to be able to identify weaknesses in processes of care, as Dr. Meakins has alluded to.
How can we turn the NSQIP data collection process into quality improvement initiatives? Surgeons in the VA continuously use the comparative data provided to them by the NSQIP to identify and improve suboptimal care within their respective institutions locally. (Reference #34 in our manuscript describes specifically one such initiative). The study, which I presented to you this afternoon, showed that risk-adjusted morbidity rates in certain subspecialties and certain operations were higher in teaching than non-teaching hospitals, suggesting inferior processes of care in teaching hospitals. These data will now trigger a focused review, which will be conducted by the NSQIP, to identify the causes for the higher morbidity rates in teaching hospitals and to ascertain to what degree is the presence of a teaching program in these hospitals an etiologic factor. Considering that most of the morbidity was in the form of postoperative infections, it is quite possible that the size and other characteristics of the teaching hospitals, not necessarily the presence of residents or the degree of attending supervision, were the factors primarily responsible for the increased morbidity rates. A focused review which identifies these factors and the processes which need to be implemented to address them, will ultimately bring about quality improvement, particularly since the VA has a quantifiable intricate system for assessing the adequacy of resident supervision.
DR. ALDEN H. HARKEN (Denver, Colorado): Dr. Khuri, thank you very much for letting me review your manuscript. I think we are all tremendously indebted to you for developing these kinds of quality assurance programs in identifying some of the six competencies that they have identified. This kind of patient based learning is very important, and if you don't do it, as multiple people already discussed in this meeting, some green-visored weasel in a regulatory agency in Washington is going to do it for us. So I think we all have to do what you are doing.
In that regard, as I look through the kinds of statistical problems we have as surgeons in doing clinical investigation, which is exceedingly difficult to do, the typical one is the type 2 beta error. We don't have enough patients in a study to make the observation that we are making.
And I hold in my mind that in order to pick up a 20% difference, which is a big one, at the 95% confidence level, you have got to have 100 patients in both groups. And I looked through the 32 manuscripts at this meeting, and half of them have more than 100 patients in both groups. So the quality of the studies being presented here is really special.
On the other end of that spectrum, however, with 690,000 patients in your study, you are at risk of the type 1 or alpha error. And I looked at your general surgical population, the mean age in the teaching hospitals was 60.8 years and the mean age in non-teaching hospitals was 61.8 years, one year difference. And although I am approaching that with perilous velocity, I am hoping I don't fall off the cliff. But that one year was statistically different at the .0001 level.
Can you comment on the risks or the differences between statistical significance and clinical relevance and what is the risk of presenting these kinds of observations as statistically significant to a lay or regulatory audience?
DR. SHUKRI F. KHURI: Thank you, Dr. Harken. You bring up a very important point. When we first started looking at data generated by the VA National Surgical Risk Study, the forerunner of the NSQIP, we were frequently struck by statistically significant differences, generated by comparing very large numbers of patients, which did not make clinical sense. One of the strengths of the NSQIP is that it is a collaborative effort between surgeons, health policy researchers and statisticians. Our colleagues have helped us devise analytic methods that void alpha (Type I statistical) errors, which might result from univariate analyses comparing large patient populations. In this study, for example, we employed sophisticated two-level hierarchical modeling, in addition to logistic regression, so as to account separately for the severity of illness of the patient, and the characteristics of the hospital. While it is likely that an alpha error may be committed in a large univariate analyses, it is most unlikely to encounter such an error after sophisticated multivariate analyses.
DR. CARLOS PELLEGRINI (Seattle, Washington): Like the previous discussants, I compliment you on working so hard on the improvement program in the VA and in creating a database that allows us to predict outcome. I have some specific questions.
First, several recent publications that examined the issue of teaching versus non-teaching hospitals have found that teaching hospitals do better in terms of mortality and morbidity than non-teaching hospitals in urban areas. If one thinks about it, the teaching institutions are a repository of unique specialty, intellectual and infrastructure resources, and so on. Your study found increased morbidity in teaching hospitals. Can you identify anything that the VA might be doing different than other teaching institutions?
Second, I would like you to explain the definition of a teaching hospital. You define a teaching hospital as one with a dean's committee and with at least a residency program. However, in reading the data in your manuscript, somewhere between 1.5 and 15% of the operations done in a non-teaching hospital have a resident listed as a primary surgeon. So this calls into question the definition of a teaching hospital. If one thinks for a moment that the presence of the resident may be an important variable in the outcome, as Dr. Meakins so eloquently just pointed out, wouldn't it be important to also run this analysis in such a way as to convert into "teaching hospitals" any operation performed by a resident as the primary surgeon? Have you done that?
Thirdly, the study did not control for surgical volume of the hospital or the surgeon's case experience. Both of those variables have been shown to be linked to outcome independent of teaching status. Can you do that with this database?
Fourth, is it possible to measure morbidity in a manner that is specific to a procedure rather than in general? For example, have you analyzed common bile duct injury during cholecystectomy, or dehiscence in the case of colectomy, et cetera, rather than more general types of morbidity? Lastly, just a philosophical comment. And that is that when all the statistics are done and examined, I think that we need to go back to basic judgment and realize that in our profession, like all others, it is always going to be a very difficult challenge to train individuals on the job and obtain the same results that could potentially be obtained if only fully trained surgeons perform the task. I think it is our collective responsibility to organize systems that at least minimize the negative effect associated with the lack of knowledge or experience among residents. Assuring, for example, that residents have sufficient rest periods, maximizing the time spent in a given service, minimizing rotations, and developing new systems of learning that allow residents to achieve a certain level of performance before taking the full responsibility for patients I think is going to be vital to keeping a system like this.
DR. SHUKRI F. KHURI: Thank you, Dr. Pellegrini, for your insightful comments. In the wake of the morbidity data, it is important not to underestimate the significance of the risk-adjusted mortality rates in this study. The NSQIP has validated and uses the risk-adjusted 30-day mortality rate as a comparative measure of the quality of surgical care. The fact that we could not elicit a difference in the risk-adjusted mortality rates between teaching and non-teaching hospitals, despite a marked increase in the severity of illness of patients in teaching hospitals indicates that the quality of care is comparable in both types of hospitals.
The designation of a teaching hospital and the analyses were based on the surgical specialty. At least one resident in a specialty was necessary to designate the hospital as a teaching hospital in that specialty. The reason why up to 15% of the operations in a certain specialty were performed by residents and yet that specialty was labeled "non-teaching" was because the residents did not belong to that particular specialty. For example, when a general surgery resident was listed on a thoracic operation. Originally, we performed the analyses as you suggested, separating the two groups on the basis of whether or not the operation had been performed by a resident, irrespective of the specialty. The mortality results were no different from those reported in this study.
We do not collect operation-specific information in the NSQIP database. The generic preoperative risk factors, which we collect, are enough to generate highly predictive models in mortality. The predictive validity of our morbidity models will be enhanced if condition-specific variables are collected.
The findings in our study that VA teaching hospitals operate on higher risk patients than non-teaching hospitals, with comparable mortality rates, speak for what the literature has already suggested: after accounting for the difference in risk and complexity, the mortality rate in teaching hospitals is probably better than in non-teaching hospitals. There is little in the literature on comparative morbidity rates between the two types of hospitals. Our findings that in some specialties and certain operations these rates are higher in teaching hospitals, even after risk adjustment, is probably a reflection of the limitations of our risk adjustment models which are much less robust for morbidity than mortality. Nevertheless, they do call for a focused review which should answer most of the questions you raised, particularly issues related to the impact of residency supervision and the degree of attending involvement within the continuum of surgical care.
DR. LAWRENCE W. WAY (San Francisco, California): It is ironic that we are discussing the quality of care in teaching hospitals.
At the end of World War II, a group of prominent physicians and surgeons was asked for recommendations on how best to manage the care in VA hospitals of the large number of new veterans. Creating University affiliations was thought to be important, because the government was felt to have an obligation to participate directly in medical education, and also because affiliating with Universities was considered to be the best way to ensure that veterans would receive high quality care. 
